It can't be news to the readers of this journal that enhanced science, technology, engineering, and mathematics education, or STEM for short, is widely considered a path to a revitalized United States. Witness the geometric growth of STEM-related programs in the nation, and the reverence conferred on these programs by politicians and business leaders wanting to say something important and hopeful about American schools. Norm Augustine, (Twittweb, 2012 The point was NOT that you couldn't teach physics or mathematics without the arts, but that artistic expression and principles could assist learners in structuring and organizing ideas, exploring disciplinary and cross-disciplinary connections, and solving scientific problems.
Furthermore, the STEAMers contended, creative practice in the arts might boost capacity and dispositions to think creatively in the sciences. A drawing or model of chemical bonds could be both practical and aesthetic --and perhaps through its visual charm, all the more engaging to learners. To some, STEM should be STEAM.
While STEM programs haven't rushed to embrace the arts, a movement was born. RISD, the Rhode Island School of Design, quickly took a leading role in STEAM education leadership: (STEAM, n.d.) .
Evidence supporting the A in STEAM. The cognitive research community has explored roles of the arts in science and mathematics learning in recent years, with positive results in individual studies investigating such things as music learning and spatial reasoning (Catterall & Rauscher, 2008) .
Neuroscientists, for example Professor Nina Kraus at Northwestern University's Auditory Neuroscience Laboratory, are reporting a wide array of effects of music experience on neurobiology, brain function, and brain structure (Kraus, 2012) .
Based on accumulated individual studies, it is fair to say that we understand a great deal about how various visual and performing arts experiences impact diverse areas of understanding (Deasy, 2002) . The STEAM team has a substantial research-based case for the potential roles of the arts in science and technology learning. The practical challenge is devising instructional and curricular applications and ways to bring arts-infused science and mathematics learning to today's classrooms, and bringing the whole operation to a scale that could bring pervasive impacts to American science and industry. This is no easy prospect. The world of STEAM is beginning to sort these questions out.
What about the E? STEAM is a natural. Science, technology, engineering, arts, and mathematics education go hand in hand -there are elements of all five domains in each of them, at least some of the time. Science needs ever-better measurement instruments (technologies) to advance. The design and calibration of instruments require mathematics. And artistic ways of representing and understanding scientific concepts are commonly accepted, perhaps most widely by scientists themselves. When engineering is included as the practical application of science and technology to the creation of processes and devices, the cluster is complete.
But is it? The E for engineering takes on something of an outsider role in what STEM and STEAM actually mean. We teach science in the schools; we teach mathematics; and we teach the arts. We also use technologies in the schools and think about their connections to science and mathematics. Think of the wave tank in physics, the microscope, the analytical balance in chemistry, and even the chromatograph in biology.
But engineering is not present in the school curriculum. Engineering is for later.
Engineering is a college major, an applied science career bringing us better materials, processes, and products; or it is a means to land a Rover on Mars, organize flows of traffic, deliver drug therapies more effectively, and to solve myriad real-world problems in between.
The high school curriculum is a precursor to the practice of engineering. The original STEM movement surely included the E because science and mathematics training was a known foundation of engineering. If the impetus for STEM education was innovation and competitiveness in business, the largest portal to success is through our engineers. But "STM for E" lacks elegance as an acronym.
A and E. The Arts and Engineering. It would be nit-picking to fault the inventors of STEM for misapplying engineering on their banner. But the case described above provides good reason to give STEM and STEAM a little additional thought right now. It would be a good idea to clarify and reinforce the place of engineering in these initiatives. When schools or systems enact these programs, emphases gravitate to science, mathematics, and technology. We don't have high school engineering textbooks. We could say we don't have technology courses either, but technology is so pervasive in our lives and so integral to the worlds of science, that bringing technology to the core of STEM seems reasonable. Where engineering is concerned, the tacit assumption of STEM and STEAM seems to be that participating schools prepare students for successful careers in engineering. But students are not typically exposed in either STEM or
STEAM initiatives to what engineering is about.
Design Education. Right here, the arts could reenter the discussion and help to bind STEAM into a coherent whole. Simply put, schools could elevate design education in the curriculum. Yes, pursuits in the visual and performing arts generally, and the integration of ideas from the arts into science and mathematics specifically, are important to STEAM. 2002 landmark compilation, which provides summaries of numerous significant research studies in dance, drama, the multi-arts, music and visual arts as well as comprehensive summaries written by some of the most recognized names in arts research.
